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SECTION 1

INTRODUCTION

The reclamation process for retrieving recyclable ferrous and non-ferrous metals from scrap
automobiles generates a non-metallic waste product calied "lull." The Qulf waste stream from
automobilc reclamation facilities also ofien includes (he non-metallic residue of major houschoid
appliances which are known as “white goods”.! The major constituents of fluff are plastics such as
polycthylenc (PE), polypropylene (PP), acrylonitrile-butadienc-styrene (ABS), polyurcthane foam
(PUF). polyvinylchloride (PVC), rubber, glass, wood products, cloth, paper. dirt, and electrical
wiring.™ The actual composition of flufl depen‘ds on the type of scparating tcchnique used during the
reclamation process. [n one such process, the fTult is scparated {rom the desired, recyclable material
using a scrics of air blowers and yields the {inal waste product described above. Another common
reclamation technique uscs water to separate floating, undesirable pmduéts from the denser material.
With this process, the de ..cr materials such as glass and clectrical wiing are less likely to be present
in the Dull fraction.

In 1974, Mahoncy ct al., reported that a large pereentage of automotive plastics are processed
at approximately 100 junk automobile shredders in this country. These reclamation facilities are
capable of processing 50,000-200,000 automobiles per vear.” Valder et al., state that more than half
of the automobiles scrapped annually in the United States are now prcessed ™y shredding.” Since
1960, the amount of plastic contained in automobiles has increascd drasticallv, and this trend is

projected 10 continue. The average Lutomohile contring more than €0 7 ke (204 IR of plasties,”
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SECTION ?

EXPERIMENTAL APPROACH

2.1 GENERAL PROJECT DESCRIPTION

The project consisted of a replicate study to collect and qualitatively and quantitatively
characterize organic and inorganic emissions resuiting (rom the simulated open combustion of actual
automobile fluff. Small qﬁnﬁﬁu (9.1-11.4 kg [20-25 Ib]) of ﬂu'ﬂ' were combusted in test facilities
specifically designed to simulate opea-combustion conditions. The tests were conducted ia triplicate to
allow for the bewmgcnéous composition of the ﬂlﬂ‘ and 0 assess 'eproducibility. A portion of the
combustion effluent was diverted 10 an adjacent sampling facility via an induced draft duct. Organics
were collected using the volatile organics sampling train (VOST) and a semivolatile
organics/particulate collection system using XAD-2 and particulate filtets. Metal acrosols were
collected on particulate filters. The organic constituents werc analyzed both qualitativelv and
quantitatively using gas chromatograph/mass spectrometer (GC'MS). gas chromatograph/(lame
ionization dctector (GC/FID), and gravimetric methodologies. The metal acrosols were charactenized
using an inductively coupled argon plasma (ICAP) method. Measurcd concentrations were related to

dilution air volumes and meas'wred net mass of {luf{l combustied to derive emission rates.
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] Figure 2-1. Diagram of bum hut.
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Figure 2-3. Sampling systems in sample shed.




A visual inspection of the as-received test materis! confirmed the presence of polyurcthane
foam, various unknown plastics, coated sad uncoated electrical wiring, compressed wood products, and
metal fragments. The Nufl was combusied in a 0.61 m (24 in) x 0.56 m (22 in) diameter cylindrical,
steel vessel.

The fluff was contained in a wire mesh support placed within the combustion vessel. The
wire mesh support was used to allow adequate c.ygea access withia the combustion vessel.
Nominally, 11.4 kg (25 ib) of fuff was placed into the combustion apparatus for each of the three
tests. Before fluff ignition, the CEMs were operated for at least 15 min to establish background
levels. During this time, the conditioned air bandling sysiem was operating and continued o operate
throughout the test i:eriod.

Afier the baseline levels bad been established, the Nuff was manually ignited with & propane
torch. After 1-2 min, the torch was removed, and the burn hut door closed to icave a 102-mm (4-in)
opening for visual observation. After S-15 min m the time the Muff was ignited, to allow sufficient
time for any propane combustion products to dissipate, the metal, dioxin, and organic semivolatile
sampling systems were activated. The volatile organic sampling train (VOST) was openated for three
separate intervals during each test to characterize volatile organic emissioqs under various (uft
combustion conditions. At the start and end of each sample condition, as ;ell as continuously
throughout the duration of e test, the time and net weight of flulf in the combustion pit were
recorded digitally. Tempe.atures inside the burm hut (over the burn pit, at the dedlector shield, and at
the cntrance to the transfer duct), within the sample duct (in the burn hut and in the sample shed), and
dilution air lempcratures were Cigitally recorded continuously throughout the duration of the test.

In addition o these three tests, a "hut blank" tcst was conducted between the sccond and thind
acteal tests. In this experiment, the test facility and sampling apparatus were operated as i an actual

test but no fluff was combusted. The purpose of this test was to assess the background levels of
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tube sct was installed in the sampling train and sampled. A laboratory blank sample was also
analyzed. All samples were analyzed within 30 days of colicction.

The VOST umplc:c were analyzed by GC/MS/FID on a purge-and-trap thermal desorption
system. The effluent of the chiomatographic columa was split to eack of the GC detectors for
simultancous detection of eluting snalytes from one sample. Method 5040 of SW-846 best represents
the procedure used for sample analyscs.!! Compound identifications were accomplished using
multicomponent calibration standard comperisons, mass spectral library searches as well as investigator
interpretation. Identified analytes were quantified using GC/MS or GC/FID system responses. The
system sclected for quantification was based on the characteristics of the compound identified.

Befoic calibrating the analysis of samples, the MS was tuned with perfluorotributylamine
(PFTBA) to linearize the MS over the tow! ‘on monitoring range of mass units (24-300 amu). The
MS was calibrated with a variety of volatile compounds, determining relative response factors between
the intemal standard, Dy-beazeae, and the analyts of interest. A continuing calibration standard
containing known conceatrations of acrolein, toluene, cyclohexane, hexancl, decane, Dy beazene, and
bromofluorobenzene (BFB) was analyzed daiiy to verify acceptable system performance. The FID
was calibrated by determining the linear response 1 varied concentrations of toluene containing

strndards.

The Tenax® and Tenax®/charcoal samples were desorbed in a clamshell heate, maintained at
220 °C, purging the organics for 10 min with helium at & nominal flow rate of 10 mL/min onto a
cryogenically cooled (0 °C) Tenax® trap. The tubes were analyzed in pairs and desorbed in reverse
dircction from that sampled. The Tenax® trap was ballistically heated to 250 °C. and the carrier
directed onto a2 30-m x 0.32-mm x 1.84m film thickness DB-624 megabore column (J & W
Scicntific) The column head pressure was 8 psig. The GC oven temperature was cryogenically
maintained at 0 °C for S min; then a temperature ramp was invoked at 3 °C/min until reaching

250 °C. where the temperature was beld for 5 more min. As the sample constituents cluted from (hc'
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234 Scmivolatile Organics snd Particulate Matter

Semivolatile organics and particulate matter were collected using a sample sysiem modified for
— use in this study 0 operationally separate semivolatile organics inlo gascous and particulate-bound
fractions. A 0.95 cm (3/8-in) OD stainless siecl tube connected the sampling manifold to a particulate
filter asscmbly. Particulate was collected on & 142-mm dismeter Teflon®-coated, glass fiber filter in
the filter housing. An ice water-cooled condenser was located between the fiiter assembly and the
XAD-2 sortent module to cool the sample gas stream before contact with the XAD-2. The exit of the
sorbent module was connected to a pump and metering sysiem. The gaseous sample was collected at
an average flow rate of 17.0-34.0 L/min (0.6-1.2 scfm) for approximately 3 b.

Two sémte semivolatile organic/particulate collection sysiems were operated simultaneously
during the test period. One sample system was used 1o coliect samples for the purpose of genenl
semivolatile organic aad particulate characterization while the remaining system was used to collect
samples for polychlorinzted dibeazodioxin (PCPD) and polychlorinated dibenzofuran (PCDF) analyses.
The only difference in operation between the two trains is the type of XAD-2 sorbeat module used to
collect semivolatile organics. The stainless sweel XAD-2 sorbent module ased in the general organic
sampling system contained approximately 150 g of XAD-2 whilc the ice water-rooled glass XAD-2
modulc used for PCDD/PCDF collection contsined approximately 40 g Ficld and laboratory blanks
were collecied for the general urgenic train and a field blank was collected for the dio:;in train. Field
blanks consisted of filier and XAD-2 samples uansponed to the test facility along with the actual
samples. The laboratory blank consisted of a filter or XAD-2 module retained in the analytical
laboratory.

The Teflon®-coated, glass fiber filters used for particulatc collection were desiccated, tared.
and placed in aluminum foil and a zip-lock bag before use. Aficr sample collection, the particulate
samp'cs were stored desiccated, weighed, and stored at 4 °C until cxtraction. Cleancd and quality )

control checked (QC'd) XAD-2 resin was placed in sealed modules, sealed in teflon bags. and stored
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using an aikane mix standard. The C,, C,q, C;3, Cy4, C;y n-sikane mix was used to establish the
boiling point retention window ss well as the system response. All peaks with reteation times (siling
between, but not including, the C, and C,, retention limes, were quantified. The sysiem respoase o

the C10, C12, and C14 alianes was used for quantification. The analysis was performed using a8 30-m

x 0.25-mm x 0.25-um f{ilm thickness DB-S columa (J & W Scieatific). For the XAD-2 samples, the
1-uL injection was made with the oven temperature beld at 40 °C for 3 rnin, mmped o 250 °C at i
. *C/min, and beld for 5 min afier reaching final temperature. For the flter samples, the 1-ul
injection was made at 40 °C, which was held for 3 min. The oven was then ramped at 14 *C/min o
170 °C. The temperature was thea ramped at 4 *C/min to 255 °C then at 2 °C/min o 300 °C where
it was held for 2 min. A -sepanbly prepared quality control standard was injected at the beginning
. and end of each analytical day to verify instrument performance.

The GC/MS data were acquired on a system cosfigured for capillary column use. A 30-m x
0.32-mm x 0.25-um (ilm thickness DB-$ colémn (J & W Scientific) was directly interfaced to the MS
source (interface lemperature = 300 °C). Belore calibrating or analyzing the samples, the MS was
tuned with perfluorotributylamine (PFTBA).  Contianing calibration standards were injected at the
beginning and end of each anaiytical day to vesify the consisiency of instrument performance.
Injections of 1-2 ul. were made into a splitless injector maintaincd a 300 °C. The XAD-2 and
particulate fractions were analyzed using different temperaturc programs. The XAD- 2 fractions were
analyzed with the initial oven temperature ~f 40 °C maintained for 3 min. The oven temperature was
then ramped at 5 °C/min to 300 °C and held for § min. The particulate fractions were analyzed with
the initial oven temperature of 40 *C maintained for 3 min, at which time the temperature was ramped
at 14 °C/min to 170 °C. The iemperature ramp was chaaged 0 4 °C/min uatil reaching 255 °C, at
whick time the temperature amp was changed to 2 °C/min until reaching 300 °C where the

lcmpcrature was maintained an additional 2 min.
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levels and response factors from cach level were averaged. The MS was calibraicd with PFTBA and 3
continving calibration standard was run at the beginning of cach analytical day. The mass
spectrometry was pufomled in the sclected ion monitoring mode using the parent (M*) ion for
quantification and the (M+1*) ion for confirmation of analyte identification. '

The PCDD/PCDF samples were analyzed by a bybridized method ntilizing techniques found in
SW-846 Method 8280 and 40 CFR Part 60, Appendix A, Methoa 23.'4!5 The samples were analyzed
by low resolution GC/MS wbere isolopically labeled homologues for all congeners were used for
qualitative and quantitative purposes. The analytical method used does not identify individual isomers
within cach congener group but does, howsver, quantify cach isomer chromatographicaily resolved

within cach congener group. The data are reported here in terms of the total analytical concentration

within each congener group.
23.5 Metal Acrosols

Particulate matter coataining metal wuol: was collected using a scparate sampling system to
characterize airbome metals emissions. A gaseous sample was drawn across a 142-mm diameter
quartz fiber filter under vacuum at an average flow rate of 17.0-42.5 Limin (0.6-1.5 cfm) for about
3 h. The quartz filters used were desiccated and tared, then placed m aluminum foil and a zip-lock
bag before use. A held blank sample, consisting of a filtcr transported to the test facility along with
the actual sampics, was also obtained. Following sample collcction, the samples were again desiceated
and weighed. Ultimately, the samples were delivered to a contracted analytical laboratory for metals
quantification. Mctals potentially preseat in fluff samples wz.c chesen for quantification. The
samples werc analyzed by inductively coupled argon plasma {(ICAP) for aluminum, arscaic, barium,

cadmium, folal chromium, copper, lcad, magnesium, sclenivm, and zinc.'®

17
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Figure 24, PM,  medium volume particulate sampler.
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TABLE 3-1. COMBUSTION CONDITIONS IN THREE FLUFF TESTS
Day 1 Day 2 Day 3

Mass fluff at start (kg) 11.3 10.7 112
Weight afier 200 min of combustion (kg) 58 58 6.2
Flull mass Jost because of combustion in 200 min (%) 48.7 458 4.6
Average burn rale over 200 min test (kg/hr) 1.65 147 1.50
Average bumn rate over sampling period (kg/hr) 1.56 1.50 1.50
Length of sampling period (min) 180 183 174

Total mass of flull combusied was determined by subtracting the final mass of materiai in the
test apparatus (mm the i.nitil,l mass. The net mass of Quil combusted divided by the duration of the
test period determined the average burn rate for cach test. Table 3-1 also presents the average bum
rate of fluff for cach 3-h test. Given the non-homogeneity of the composition of the (lufT, there is
excelient agreement (less than 20 relative perceat differeace) between the aversge bum rates of the
three tests. :

Eurn rates were also determined for .smller clapsed periods of time. Burn rates were
detcrmined by relating the mass of fluff combusted 0 the length of time the mass was burned. Figure
3-1 represeats the burn rates relative to clapsed time for each of the three tests. Maximum burn rates
were observed within 20 min of material ignition. Aftcr this time, ﬁum rates gradually decreased
throughout the burn. Figure 3-2 presents the temperatures obscrved by a thermocouple placed directdy
over the combustion apparatus. Peak temperatures correlate well with peak bum rates.

Figures 3-3 to 3-6 present the continuous emissions mc;nitaring data for CO, CO,, THC, and
NO, respectively. Peak concentrations correlate reasonably well with peak bum rates. However, the
THC data reveal peak emissions at periods farther into the test than the obscrved peak bum rates. The
oxygen data are ot presented graphically. Over the course of the bums, O, concentrations remained
greaicr than 19 percent indicating that conditions adequately simulated an open combustion

cnvironment where combustion would not be expected to be oxygen starved. For pusposes of clarity,
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Estimated volatile organic emissions (g/kg)

10 i~

Notes:

Bum Rate (kg/min)

Linear regression does not include samples in which trap freezing was noted.

~ Linear regression 2 = 0.959.

Figure 3-7. Total volatiles vs. bum rate.
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determined by dividing the mass collected by the voluine sampled, was multiplied by the volume of

air added te the burn hut per unit time. This represeats the mass of organic material emitted per unit
time. Dividing by the respective flufl burn rate yields the mass of volatile organics emitted relative to
the mass of fluff combusted. -

Table 3-3 preseats cmissions data for selected individual compounds ideatificd in the VOST
samples, and Table 3-4 presents a list of all individual compounds tentatively or positively identified
in VOST samples. Emphasis was placed on establishing emissions data for compounds found on the
Qlean Air Act Amendment (CAAA), Title III, Hazardous Ait Pollutants (HAP) lis.. Figure 3-¢
graphicaily depicts the major volatile organic compounds (VOCs) found on this list and their refative
contributions. Benzene is one of the top two volatile organic compounds emitted, genersting neary 10
g for every kilogram of fluff consumed in combustion. Benzene is also ane of the more (. ic

compounds identified.

A comparison of the total VOC mass (0 the mass of individually identified compounds with

i ]

boiling points within this range, indicates that greater than 70 percent of the defectable mass bas been
characterized. The remaining fraction was not idedtified because of the complexity of “he sample,
limitations of the analytical system, and bﬁpuw constraints. :

Very few detectable peaks were seen in the {ield and laboratory blank samples. Compounds
prescnt in ficld and laboratory bianks included methylene chloride, acetone, trichloroflv yromethane,
tolucnc, and benzaldehyde. All compounds present in thesc blanks were cither not present or present
at morc than an order of magnitude grealer concentratioa in the actual samples. The compounds that
were delected at low concentrations in the blanks but not in thc samples may well have been also

present in the samples but obscuicd by interfering analytes at much higher concentrations.

3
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‘TABLE 3-3. ESTIMATED EMISSIONS FOR SELECTED VOLATILE ORGANICS (continued on next page)

(

(g Pollutant/kg Fluff combusted)

Identification confirmed

Test 1 Test 1 Test 2 Test 2 Test 3 Test 3 Ten | Test 2
| vollutant by comparison to Sample | | Sample 3 | Sample | | Sample 2 Sample 2 Sample 3 | Avg. Avg.
] standard?

% _ACET;LDEHYDE NC 0315 0.437 1.295 1.507 1.016 ND 0376 1401
n-Pentane NO ND 7481 2052 5.191 . 4.700 3955 | 37141 | 3622
ACROLEIN YES 0.258 1437 1044 3.220 2344 1766 | 0848 | 2132

| ACETONITRILE NO 0106 | 0416 | 0441 0.000 0964 2900 | 0261 | o221
ACRYLONITRILE NO 0304 0558 0.886 0.714 0912 1260 | 0431 | 0200
CSH60 Methyl Furan NO ND ND 0076 0.113 0137 ND 0000 | 0095
BENZENE YES 2846 9.989 9.138 9811 9.083 16635 | 6417 | 9475
1-Heptene NO ND 1485 0.695 1572 1395 0862 | 0743 | 1aM
n-Heptane YES ND 1.019 ND 1.076 0.944 0720 | 0510 | 0538
CSHB802, Carboxylic Acid, NO 0.007 ND “IED 0.072 ND ND 0.003 0036
Methy} Ester
TOLUENE YES 0564 6.634 4.739 $.626 8674 34.920 3.599 6683

| nOctne YES ND ND ND NAV 0999 0725 | 0000 | 0.000
COH18 NO ND 0.859 ND NAV 0542 0365 | 0429 | 0.000
Trinethylcyclohexane
CHLOROBENZENE YES 0053 | 0966 0.891 NAV 1.851 s176 | 0510 | 0891
ETHYL RENZENE YES 0076 4086 2188 NAV 4242 15974 | 2081 | 2188
p XCTENE YES 009 | 141 | 103 NAV 2200 3675 | 0768 | 103
Syee | no | oo | ses0 | 712 | Nav 10055 601 | 3296 | 7.2

 Decane —‘__ - YES ND ND ND NAY 1423 0889 | 0000 | 0000
;l:r:a:':h;_gc ____ YES 0219 ND ND NAV 2749 3409 | 0110 | 0000

CAAA HAPy Lt inall cape
NAP = Nat Applicahle

HAV a Nt Available

N1« Not Detocied




TABLE 3-4. VOLATILE ORGANIC COMPOUNDS IDENTIFIED (continued on next page)
(Listed in order of increasing relention time)

Compound Nams or Class Molecular Formuia
Alkene C4HB
Diene or Alkyns C4H6
Alkene C4HB
Diene or Alkyne C4H6
Acetsldehyde Qo
Alkene CAHS
Alkens CaHs
Alkene or Cydic CSH10
n-Pentane CSHI2
Alkene or Cyclic CSH10
Diene CSH8
Alkylated Cyclopropane CSH10
Alkens CSH10
2-Propenal (Acrolein) QH40
Propanal C3H60
Dizne CSHY,
Unsaiurated Hydrocarbon CSHé6
Acetonilsile C2H3N
Alkane OsH14
Alkene CsH12
2-Propenenitrite (Acrylositrile) GIHON
Alkene or Cyclic OsH12
Hexane CsH14
2-Methyi-2-Propenat CaHoo
Alkene CsH12
Branched Alkene CsH12
Alkene CsH12
Methyl Furan CSH6O
Diene or Alkyne CQsH10
Alkene CIH14
Nitrile CAHSN
Alkene Substitued Cydlic or Diene CsH10
Substituted Cyclopropane C7H14
Benzene OsHe
Alkene CTH14
1-Heptene CTH14
n-Heptane cnme
Probably a Heptene CTHI4
Alkene CTH14
Alkene Cns
Alkyne or Diene cnue
Alkene e
Alkene ) g
Carboxylic Acid, Methyl Ester CSHgo?
Alkyl Substituted Cyclopentane CRH16
Branched Alkane CRH I8

35



Few detectable peaks were seen in the hut blank samples. The compounds that were present,

_ included dichlorodifluoromethane (Freon 12), allyl alcobol, propanol, methyiene chloride,
trichlorocthane, 1,4-dioxane, and wluene. All compounds present in these blanks were cither not
present or present at more than aa order of magnitude greater conceatration in the combustion test
samples. The one exception was a single sample (the second obtrined during the hut blank test) in
which toluene was detected at & level only a factor of two lower then the lowest sample toluene
conceatration (the third sample of the first combustion iest). In summary, the volatile organic blank
data support the validity of the sample data presented.

34 SEMIVOLATILE ORGANICS DATA
The characterization of semivolatile organic emissions collected on both the XAD-2 and
particulate filters used an approach similar to that used o0 characterize the volatile organics emissions.

TCO and GRAYV analyses were performed separaitely on the XAD-2 and particulate filter extracts to

detcrmine total organic content based on boiling point range.

Table 3-5 provides a summary of these data expressed as cstimated emissions. As expected,
the XAD-2 sample fractions contained more chromatographable (vapor phasc) mass than did the
particulate [ilter fractions. Similarly, the particulate filter fractions contained more GRAV
(condcnsable) mass than did the XAD-2 fractions. Of the total cxtractable scmivolatile and non-
volatilc organic mass emilted, an average of 49.9 percent was contained on the NAD-2 fraction while
the remainder was contained on the particulate. The TCO and GRAV values for the (ield, hut, and
laboratory blanks were quite low compared to the sample valucs. No blank was greater than 21
p;:mcnt of the lowest corresponding sample concentration.

GC/MS analyses were performed on each of the sample {ractions  aid in identification of
individual compounds. Table 3-6 lists the more than 45 compounds identificd in the XAD-2 and

particulate (ractions. The compounds identified arc similar to the types of compounds identificd in the .
-' ‘ .
r
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TABLE 3-6. ESTIMATED EMISSIONS FOR ORGANIC COMPOUNDS COLLECTED ON XAD RESIN AND PARTICULATE FILTERS
(Listed in increasing order of retention time) (continued on next page)

Carpuand XAD XAD XAD XAD | XAD | Puticuleis | Purciculste | Pusticulse Particd Particul IdensiBScation Quantificetion wed
T 1 Tom 2 Tax 3 | Avg Hat Tan 1 Tom 2 Tem 3 Avg Hhs Blask omfiemed by Shothod far M3 RIS
Blank sumpadecn »
Seown sandarde?

ZTHYL BENZENE 2% 208 29 | 240 ND ND ND ND 0.000 ND YES Ms Bhyheusene
=/p XTLENE 10 L i {1» | M 1] ND ND 000 ND YES Ms P Xyhons
Enynyl Baucs as a» asl as ND ND ND ND @000 ND NO AD NA
STYRENE &n (€] [1R I (81 ND ND ND ND Q000 ND NO FAD MNA
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TABLE 3-6. ESTIMATED EMISSIONS FOR ORGANIC COMPOUNDS COLLECTED ON XAD RESIN AND PARTICULATE FILTERS |
(Listed in increasing order of retention time) (concluded)
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not detected in the actual samples or were at least an order of magnitude less concentrated than in the

actual samples.

3.5 PAH ANALYSES
The results of PAH analyses coaducted on the XAD-2 and particulate extracts by an

independent laboratory are shown in Figures 3-9 and 3-10. These analyses confirm the emission of
significant quantities of PAHs from the fluff combustion process. These analyses detected additional
PAH compounds that were not detected in the GC/MS {ull-scan analyses, perhaps because of the
presence of interfering compounds or the lesser sensilivity of full-scan methods as compared to
selected ion monitofing methods. All 16 PAHs analyzed for were detected in at least some of the
combustion experiments and most were detected in all three experiments. PAH conceatrations in {ield,
- laboratory, and hut blanks were genenally non-detectable and were, in no case, greater than 10 percent
of the observed sample concentrations. _

The vapor/patticle distribution evidenced ili. these resulte shows the expected preponderance of
lighter specices in the vapor phase. For the analytes measured both in this analysis and in the genenl
organic analyses, the level of agreement was encouraging. The estimated emissions for naphthalene
agree quite closely in all three tests—within 30 percent relative percent diderence—(sec Table 3-6 and
Figurc 3-9) as would be expected because a compound specific MS response factor was used for
napthalenc in the general organic analyses. There was less agreemcent for the other analytes reported
in both data scis (accnapthylene, phenanthrene, fluoranthene, and pyrene). This is not surprising, since
the analytical methods differed greatly (GC/MS with selected ion monitoring vs GC/FID calibrated as
TCO). However, a comparison of the values (sce Table 3-6 and Figures 3-9,10) obtained in the two
scparatc methods would suggest that quantification accurate to within one order of magnitude (the

stalcd goal of the project) was obtained.
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Figure 3-10. PAHs in the particulaic phase.
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Figure 3-11. Estimated emissions for vapor phase PCDDs/PCDFs.
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Figurc 3-14. Estimated emissions for sclected metals.
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A scpacate medium vol 113 L/min (4 cfm) PM;, ambient sampler was operated within the

~bun| but to characterize particulate matter 10 sm in diameter and less. Because this sampling did not
occur in & duct or stack, there is no conoern with regards to isokinecity for these samples. The
particulate matter cmissions for this sysiem are also preseated in Table 3-8. For qualitative purposes,
2 comparison of the PM,, to total particulate bas been made based on iotal averaged valucs. The
PM,, comprises roughly 43 perceat of the total particulate matter collccted.

Levels of particulate collected in the hut, field, and laboratory blank samples collected were an
order of magnitude less then the lowest values observed in actual test samples for the general organic,
dioxin, and PM,, trains. The metals train but blank particulatc concentration is 20 times less than any
actual test sample and the field blank was 3.7 times less than the lowest test sample.

3.9 EMISSION DATA SUMMARY

The tests and subsequent analyses performed during this study were selected to characierize, as
broadly as possible, the diverse cmissioas mﬂﬁg from the open combustion of flufl. A considerable
body of data were gencrated as a result. Because some approaches o understanding these data can be
overwhelming and time consuming, the individual data sets have been sg_rnmarizcd to illustrate their
respective relative contributions © total mass emissions. -.

To assess the overail organic emissions, the volatile and scmivolatile organics emission data
were summarized. The total organics emitted, volatile (volatile determined using the FID response
factor for toluence and totaling all comp 2 to but not including the retention time of toluene),
vapor-phasc semivolatile, and panicﬁne-bound semivolatilc, averaged more than 200 g/kg fluf(
combusted. The actual mass contribution from cach fraction is summarized in Table 3-9. Figure 3-15
graphically prescnts the relative mass contributions of various sample {ractions to the total organic

mass cmissions. Figure 3-16 depicts the relative mass distribution based on the boiling point of
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VOLATILES: <110 C (23.2%)

GRAYV: >300 C (44.6%)

~ TCO: 100-300 C (32.3%)

Figure 3-16. Distribution of organics by boiling point.
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Figure 3-17. Particle mass distribution.
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SECTION 4
SUMMAR ¢ AND CONCLUSIONS

This laboratory study successfully achieved its goals of charcterizing the broad spectrum of
cmissions from open {uff combustion and of geacrating emission factors accurate to within one order
of magnitude for these emissions. As previously discussed, the results from this study were used to
perform a mass balance, the quality of which indicates that it is likely that the major emissions from
this source have been detected by the sampling and anslytical methods chosen. A 'arge aumber of
PICs have been identified, many of which are previously known products of combustion of various
individual plastics. However, aot all of the organic compounds present in the sampic have been
identificd and quantified. The chromatograms obtained from these em‘n;siol;s samples were often
highly complex, and all the chromatograpbably resolved peaks were not able to be identified especially
in the semivolatile and particulate-bound organic fractions. The use of compound pecific analytical
methods, such as were used here for PCDDs/PCDFs, should reveal the presence of low but potentially
significant concentrations of analytes not detected in this study. For cxample, given the prevalence of
brominatcd flame retardants in commercial plastics and the ideatification of PCDDs and PCDFs in our
sample, the production of the brominated analogues of PCDDs and PCDFs scems likely. 2 The use
of bioassay dirccted (ractionation in future studics of emissions {rom similar processes is suggested to
determinc if the unidentified organics are of any human health concern and to focus identification and

quantification cflorts.
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emissions measured here for compounds of human health concemn and the substantial quantities of

" combustible materials preseat in fIufl landfills certainly merits & further evalustion of the risk posed by
open {lulf combustion. The estimatod emissions preseated here could serve as an important dats
source for such an asscssmeat. (The estimaled emissions are presented in terms of mass of pollutant
per mass of fluff consumed by combustion, pot per mass exposed to combustion conditions.) In the
interim, this documeat should belp provide some further basis for informed decision making by
personnel .aced with controlling (uff fires. In patticular, our data on volatilcs emissions scems o
coafinn the suggestion previously made that the partial extinguishmeat oc open lufl combustion

processes may actually increase the total emission of pollutants.?
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APPENDIX A
QUALITY CONTROL EVALUATION REPORT

This task was conducted under the guidance of an EPA-approved Quality Assurance Project
Plan. This plan was used to establish data quality objectives suitable for this study. The quality
control measures employed duriag this study were performed to ensure thai the data collected would
be suitabie to collect, identify, and semi-quantitate air emissions resuiting from the simulated open
burning of automobile flwff. The primary project gosl was to obtain qualitative information as to the
types and ideatities of both inorgenic aad orgenic combustion by-products. The sccoadary goal was %o
provide cstimate cmissions accurate withia av order of maguitude (factor of tean) for selected
compounds and compound types ideatified.

Table A-1 preseats the data quality indicator (DQI) summarics for accuracy, precision, and
completeness achizved during testing along with the planned DQI goals for each respective
mecasurcment or analysis performed. In general. the intended DQI goals were achieved. In #venl
instances, however, targeted DQI goals were not achieved.

Included in Table A-1 are the DQI summaries for the continuous emission monitoring systems.
The performance indicators demonstrate that the systems performed well within project goals.
However, openational diﬂicu!tiu were encountered with the te* | hydrocarbon analyzer and the nitric
oxide analyzer. On two test days, the post-test span check for the THC analyzer exceeded established

accuracy limits (Day 1: >4 percent bias, Day 2: 23 percent bias). Similarly, for the NO analyzer, the
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and end of cach analytical period. These QC chocks were used to determine analytical method

precision. Results of these QC checks are also included ia Table A-1.
Table A-1 includes DQI summaries for semivolatile organic compound cbaracierizations. The

QA/QC approach to the semivolatile organic anaiyses was similar in nature (o that of the volatile

organic analyses. Once the GC/FID (TCO) and GC/MS sysiems were calibrated and system responses

cstablished, continuing calibration check solutions were analyzed at the beginning and end of cach

analytical period w0 evaluate system performance. The results of these QA/QC checks are also

included in Table A-1.

Additional standards, containing compounds ideatified in test samples, were also prepared and
analyzed. These standards were used to confirm teatatively identified compounds as well as to
cvaluate the genenalized quantitative approach.

A PAH Performance Evalustion Andit (PEA) was provided by an indepeadent QA laboratory.
The sample was analyzod using the general TCO GCJFID semivolatile organic analytical method. The
results of this analysis re presented in Table A-2. The results indicate that, for the PAHSs ideatified,
accuracy, cxpressed as percent recovery, ranged from 55-105 percent for all compounds quantified.

Three of the compounds preseat in the perfonnance evaluation sample were not detected.
These 3 PAHs were not detected as a resuit of chromatographic (tcmperature) limitations as opposed
to detector scasitivity limitations.

Although individuat analytical accurscy values for cach compound identilied were not
detcrmined, it is possible to cstimate the accunacy of these measurements. Many of the compounds
idcntificd were quantificd using both GC/MS and GC/FID system responses.  The quantitative
agrcement between these anal).nical approaches were gencrally within a factor of two. The analytical
accuracy is also supported both by the PAH PEA sample as well the TCO alkanc mix accuracy

performance checks which were found to exhibit less than 1S pereent analytical bias. The estimated”
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possible (o determine the molecular formula of organic usknowns, determining functional substitution

groups and specific isomers oftea proves difficult. Similarly, the relatively low ionization potential of
allanes coupled with clectroa ionization (EI) makes determination of molecular ions difficult.
Therefore, many of the compounds teatatively identified in this study are unable to be preseated
further than the molecular formuls and organic class. An added empbasis was placed on uting the
aforementioned qualitative standards. Project resources limited furtber confirmatory analyses.

The metals analyses were performed by a coatracied commercial laboratory. The QA/QC
measurcs descrived in the respective referenced procedures were adhered to and achieved. Because
maay of the targeted metals were found at less than detectable levels, emission factors were also
presented as less than levels based on method detection levels.

As stated carlier, PCDDs and PCDFs (ietra - octa congencers) were analyzed using a
combination of lechniques found in SW-846 Method 8230 and 40 CFR Part 60, Appeadix A Method
23. The samples were analyzed by high molnﬁon gas chromatography/low resolution mass
spectrometry (HRGC/LRMS). This procodure skérves 10 confirm the presence or absence of PCDDs
and PCDFs as well as quantify the number of conflirmed isomers fonnd:_in cach congener class. This
analytical method follows the QA/QC guidelines listed in the SW-846 n.\-elhod. In addition, it uses
isotopically labcled PCDD/PCDF homologues for cach congenct (with the exception of
octachlorodibenzofuran). The procedure differs in that specific isomers, including the 2.3,7.8
substituted isomers, are not confirmed. Method performance is cvaluated by the recovery of the
isolopically labelied internal standards. The actual recovery values for cach congener respective to
cach sampic are too numerous to be included here. Table A-4 provides a summary of recovery values
for cach congener. In several particulate phas:: samples, the recovery values {or several congeners
were ess than the targeted 40 percent. The low recoveries were not found to significantly affect data

quality and werr, therefore, reported.
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TABLE A-2. RESULTS OF PAH PERFORMANCE EVALUATION AUDIT

COMPOUND RECOVERY (%)
Naphthalene 92.2
Acenaphthyiene 88.7
Acenaphthene 101
Fluorene 91
Phenanthrene 89.6
Anthracene 87.6
Fluoranthene 88.2
~ Pyrene 1026
e Chrysene uA!
Benzo{a)anthracene 70.1
Benzo[bjfivoranthene 62.9
3 Benzo[k]fluoranthene 55.2
) Benzofa]pyreae 55.8
| Benzo{ghijperyleno ND
Dibenzo{a,h] anthracene ND
ND

Indenof1,2,3-cd]pyrene

Note: ND = Not detected
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TABLE A4. RECOVERIES OF ISOTOPICALLY L.ABELED PCDD/PCDF INTERNAL STANDARDS

Vapor phase samples (XAD), No. of samples and blanks in each recovery category

RECOVERY TCDD TCDF PCDD PCDF HxCDD HxCDF HpCDD HpCDF OCDD  OCDF
40-120% (ACCEPTABLE) 5 5 5 5 5 s s 5 s s
<40 0 0 0 0 0 0 0 0 0 0
> 120% 0 0 0 0 0 0 0 0 0 0
Panticulate phase samples (filter), No. of samples and blanks in each fecovery caicgory

RECOVERY TCDD TCDF PCDD PCDF HxCDD HxCDF HpCDD HpCDF OCDD OCDF
40-120% (ACCEPTABLE) 5 4 4 5 4 5 4 4 1 1
<40 0 1 0 0 1 0 1 1 4 4

> 120% 0 0 1P -0 - 0 0 0 0 0 0






